Tasks that demand externalized attention reliably suppress default network activity while activating the dorsal attention network. These networks have an intrinsic competitive relationship; activation of one suppresses activity of the other. Consequently, many assume that default network activity is suppressed during goal-directed cognition. We challenge this assumption in an fMRI study of planning. Recent studies link default network activity with internally focused cognition, such as imagining personal future events, suggesting a role in autobiographical planning. However, it is unclear how goal-directed cognition with an internal focus is mediated by these opposing networks. A third anatomically interposed 'frontoparietal control network' might mediate planning across domains, flexibly coupling with either the default or dorsal attention network in support of internally versus externally focused goal-directed cognition, respectively. We tested this hypothesis by analyzing brain activity during autobiographical versus visuospatial planning. Autobiographical planning engaged the default network, whereas visuospatial planning engaged the dorsal attention network, consistent with the anti-correlated domains of internalized and externalized cognition. Critically, both planning tasks engaged the frontoparietal control network. Task-related activation of these three networks was anatomically consistent with independently defined resting-state functional connectivity MRI maps. Task-related functional connectivity analyses demonstrate that the default network can be involved in goal-directed cognition when its activity is coupled with the frontoparietal control network. Additionally, the frontoparietal control network may flexibly couple with the default and dorsal attention networks according to task domain, serving as a cortical mediator linking the two networks in support of goal-directed cognitive processes.
characterized by patterns of deactivation; it is also activated by cognitive processes that are internally focused, such as "mind wandering" (Christoff et al., 2009; Mason et al., 2007) , self-reference, (D'Argembeau et al., 2005; , and recollecting one's past or imagining one's personal future Spreng et al., 2009 ). These cognitive processes, however, are often spontaneous, unconstrained, and not goal-directed, and therefore the observation that they are associated with increased default network activity is still generally consistent with the widely shared view that the default network does not contribute to goal-directed cognitive processes.
Externally focused attention reliably engages the 'dorsal attention network', consisting of dorsolateral prefrontal cortex (DLPFC), frontal eye fields (FEF), inferior precentral sulcus (iPCS), middle temporal motion complex (MT+) and superior parietal lobule (SPL) (Fox et al., 2005) . Default and dorsal attention network activity are robust and ubiquitous across cognitive neuroimaging studies (Toro et al., 2008) . These two networks have an intrinsic competitive relationship (Kelly et al., 2008) described as "anticorrelated" (Fox et al., 2005) : engagement of one network suppresses activity of the other Tasks The Tower of London task is a neuropsychological measure of planning, originally devised as a measure of frontal lobe dysfunction (Shallice, 1982) . It has since been modified for use in neuroimaging studies (Baker et al., 1996) to examine the neural correlates of visuospatial planning in vivo. Like many cognitive tasks that require focused attention on the external environment, solving a Tower of London puzzle engages a set of regions known as the dorsal attention network (Baker et al., 1996; Morris et al., 1993; Newman et al., 2003) . Participants were presented with two configurations on a single screen: the "initial" and "goal" positions. Both configurations consisted of three colored discs (labeled "Disc A", "Disc B" and "Disc C") placed on three vertical rods of different heights. See Fig. 1 . The first rod can hold all three discs, the second two, and the third rod only one. The objective is to determine the minimum number of moves it takes to match the configuration of the goal. Only one disc can be moved at a time when there are no other discs on top of it. Sometimes counterintuitive moves are necessary to reach the goal. Participants pressed a button once they determined the lowest number of moves. Participants were presented with five 3-move, six 4-move, nine 5-move, seven 6-move and three 7-move puzzles.
The second task of planning was designed to engage the default network, which has been observed to be active when participants engage in self-referential thought (D'Argembeau et al., 2005; ) and imagine their personal futures (Addis et al., 2009 Okuda et al., 2003; Spreng and Grady, 2010; Szpunar et al., 2007) . For this reason, we designed the autobiographical planning task to be as experimentally matched as possible to the Tower of London, both of which involve the goal-directed integration of information over time. However, whereas the Tower of London involves externalized attention to a visually presented stimulus, the autobiographical planning task involves externally cued attention to internalized self-referential processes.
Performing the autobiographical planning task involves planning for real-world personal goals. To establish the validity of the target goals and cued planning stages, we collected behavioral data from an independent sample of 20 adults matched in age and education (t's b 1) to the scanned group. These participants generated an exhaustive list of life goals, indicated up to five steps necessary to complete each goal, and up to five foreseeable obstacles to fulfilling them. For example, all participants indicated academic success in the current term as a goal. Participants reliably reported three steps to complete this goal: a) study, b) do well on tests, and c) attend class. Reported obstacles were a) poor previous performance and b) limited time. Forty goals with the necessary steps and potential obstacles were determined to be reliable from our initial sample (e.g., freedom from debt, traveling, getting married). These goals were then adapted to serve as stimulus sets for autobiographical planning task goal states and planning cues (10 practice, 30 fMRI scanning).
In the experiment, participants saw the goal on the bottom of the screen followed by a display of the "initial" position in the planning sequence on the top of the screen. The initial position was a presentation of cue words within the Tower of London discs representing the steps and obstacles involved in accomplishing the goal. See Fig. 1 . Participants engaged in autobiographical plan formation by sequencing the information in the "initial" position into a coherent narrative (i.e., devising a means to personally achieve the goal), and pressed a button upon generation of an authentic personal plan to reach the goal that incorporated the steps and obstacles. Next, participants were directed to rate the level of detail in their plan on a scale of 1-to-4 (none, some, moderate, high). Unlike the Tower of London, there is no single objectively correct solution for the autobiographical planning task problems. Therefore, reliable performance was developed through a) piloting instructions and monitoring verbal protocols of pilot participants, b) pre-scan training and c) post-scan verification of compliance.
In both the autobiographical planning and Tower of London tasks, the goal state was provided. To complete the task, participants formed a plan while mentally manipulating and ordering information online. Organization of information to attain the goal in both tasks involves recognition of the current state and planning the intervening stages ("movement" of the discs/sequencing of steps). However, the Tower of London involves non-personal visuospatial planning, whereas the autobiographical planning task involves planning of one's personal future.
For a comparison condition, we used a counting task adapted from previous studies of both autobiographical memory (Maguire and Frith, 2003; Maguire and Mummery, 1999; Maguire et al., 2000) and the Tower of London (van den Huevel et al., 2003; Wagner et al., 2006) . In this condition, the goal state was replaced with the instruction to count vowels, followed by the appearance of random letter sequences in the discs during the execution phase. Six letters filled each of the 6 discs, with a 40% probability of any one letter being a vowel. See Fig. 1 .
Prior to scanning, the rules and procedure of the Tower of London, autobiographical planning, and counting tasks were learned through practice sessions. Participants were scanned in an event-related design during the pseudo-random presentation of autobiographical planning, Tower of London, and counting trials in 5 experimental runs (run duration = 8 m 45 s). Each run consisted of 18 trials, 6 from each condition. For each trial, the start position was presented by itself for 5 s to orient the participant to the goal. The goal position and the initial position were then paired in the self-paced execution phase of the trial for a maximum of 15 s. Participants then had 5 s to make a button press response indicating a multiple choice selection for the extent of detail to their autobiographical plan, the minimum number of moves to solve the Tower of London task, or the number of vowels counted. After the scan, participants were interviewed about their autobiographical goals to establish compliance with the task. Estimated time to goal completion (i.e. approximate calendar date) was determined for each goal. Additionally each goal was rated on a scale of 1-4 for novelty (I have thought about this goal a lot/I have never thought about this goal before now), difficulty in making a plan (It was easy to plan this goal/It was very hard to plan this goal) and difficulty to actually fulfill the goal (This goal will be easy to fulfill/ This goal will be very hard to fulfill).
MRI data collection and preprocessing
Brain imaging data were acquired with a 3.0 T Siemens TimTrio MRI scanner with a 12-channel phased-array whole-head coil.
Anatomical scans were acquired using a T1-weighted volumetric MRI (TR = 2530 ms; TE = 3.44 ms; 7°flip angle; 1.33 mm isotropic voxels). One fixation and five experimental runs of blood-oxygenlevel-dependent (BOLD) functional scans were acquired with a T2*-weighted EPI pulse sequence (TR = 2500 ms; TE = 30 ms; 90°flip angle; 36 axial slices parallel to plane of the anterior commissureposterior commissure; 3.0 mm isotropic voxels with a .48 mm gap between slices). Cushions and clamps were used to minimize head movement during scanning.
All fMRI data were preprocessed using SPM2 (Wellcome Department of Cognitive Neurology, London, UK). The first 4 volumes in each run were excluded from analyses to allow for T1-equilibration effects. Data were corrected for slice-dependent time shifts and for head motion within and across runs using a rigid body correction. Images were then spatially normalized to the standard space of the Montreal Neurological Institute (MNI) atlas, yielding a volumetric time series resampled at 2 mm cubic voxels.
We used spatiotemporal Partial Least Squares (PLS; McIntosh et al., 1996 McIntosh et al., , 2004 to analyze task-related brain activation (see below). For the PLS analysis, neuroimages from the 5 experimental runs were then spatially smoothed with a Gaussian kernel with a full width at half maximum (FWHM) of 6 mm. For the rsfcMRI analysis, the fixation run (duration = 5 m 40 s) scanned prior to the experimental runs was subjected to additional processing steps, as described previously (Fox et al., 2005; Vincent et al., 2006) . First, a temporal band-pass filter was applied to the atlas-aligned BOLD data, retaining signal within the frequency range of .009-.08 Hz. Data were then spatially smoothed with a Gaussian kernel, FWHM = 6 mm. Then, sources of variance of non-interest were removed from the data by regression of nuisance Fig. 1 . Task stimuli. For the visuospatial planning condition, participants performed the Tower of London task. In this condition participants saw the goal configuration for 5 s, then both the goal and the start configuration for a maximum of 15 s, and determined the minimum number of moves to match the start with the goal configuration. Participants then indicated the minimum number of moves to solve the puzzle. In the autobiographical planning task condition, participants were presented with a goal state, followed by a combination of two steps and an obstacle related to that goal printed in the discs. Participants integrated the steps and obstacle into an authentic and coherent personal plan to reach that goal. In this example, participants interpreted the goal state "Freedom from Debt" for 5 s. For up to 15 s, participants integrated the steps "Good job", "Save Money" as well as the obstacle "Have Fun" into a plan to be free of debt. Next, participants rated the level of detail in their plan. In the Count condition, participants were informed they would count vowels, then random letter sequences appeared in the discs. Next, participants indicated the number of vowels counted. If participants completed any of the tasks prior to 15 s, a button was pressed and the screen advanced to the rating screen. Remaining time was added to the inter-trial interval.
variables (in addition to first temporal derivatives of each), including: the six motion parameters obtained during the motion correction procedure; the mean signal from the lateral ventricles; the mean signal from a region within the deep cerebral white matter; and the mean whole-brain signal. The ventricles and white matter contain a relatively high proportion of noise caused by the cardiac and respiratory cycles; furthermore, physiological sources of noise are assumed to cause the same pattern of activity over time in affected voxels of the brain (see Van Dijk et al., 2010) . Regressing out cerebral spinal fluid, white matter, and whole-brain signal thus reduces the potential influence of these nuisance signals.
fMRI analysis
The analysis was conducted in five stages. In the first stage, taskbased analyses were performed using the multivariate technique partial least squares (PLS), which is highly sensitive to distributed network activity . PLS determines a set of orthogonal latent variables that optimally relate BOLD signal and the experimental design. The statistical significance of the detected patterns is assessed through permutation testing while the reliability is determined in an independent step by iterative bootstrap resampling with replacement. In the second stage, to assess whether the pattern of network activity during task performance was consistent with prior characterizations of relevant resting-state networks, we replicated the default, dorsal attention and frontoparietal control networks from a resting scan. These networks were identified using rsfcMRI, which detects patterns of low-frequency neural activity during rest. Correlation of spontaneous BOLD fluctuations in a given seed voxel or region with all other brain voxels reveals distinct and dissociable functional-anatomic networks (Biswal et al., 1995; Fox and Raichle, 2007; Vincent et al., 2008) .
In the third stage, we used the independently defined rsfcMRI networks as ROIs to determine the strength, reliability, and specificity of the task-based results from the PLS analysis; Additionally, a complementary univariate ROI analysis of task-related percent BOLD signal change within these network ROIs was conducted. In the fourth stage, we assessed whether the activity of the default and dorsal attention networks were coupled with frontoparietal control network activity during the planning tasks in three analyses: (a) the correspondence of the temporal brain scores from the PLS analysis was examined; (b) we calculated the correlation of the BOLD signal time course between the default and dorsal attention networks with the frontoparietal control networks, as defined by the rsfcMRI maps, during the planning tasks; and (c) we performed a dedicated analysis of task-related functional connectivity using "seed" PLS (McIntosh, 1999) . In the fifth and final stage of the analysis, in order to rule out the possibility that differences between planning and counting conditions were due to task difficulty, a second PLS analysis was performed to explicitly examine the effects of planning difficulty by subdividing both the autobiographical planning and Tower of London task conditions into easy and difficult trials.
Partial least squares
Spatiotemporal PLS is a multivariate functional neuroimaging analysis tool designed to identify whole-brain patterns of activity that are correlated with tasks. PLS is a robustly validated (McIntosh et al., 1996 and widely used analysis technique (e.g. Addis et al., 2004 Addis et al., , 2009 McIntosh et al., 1999; Spreng and Grady, 2010; Stevens et al., 2008) that is sensitive to a distributed voxel response rather than the activity of individual voxels per se. PLS assesses the covariance between brain voxels (BOLD signal) and the experimental design to identify a limited number of orthogonal components (Latent Variables, LVs) that optimally relate the two. This data-driven approach is similar to independent component analysis in that it determines orthogonal whole-brain patterns of activity. Unlike independent component analysis, the number of latent structures is constrained by the experimental conditions. Unlike standard univariate analyses that examine the activity of any single voxel independently, PLS detects brain-wide systems that covary with the experimental design.
Activity at each time point, relative to trial onset, for each voxel is averaged across trials of a given condition and normalized to activity in the first TR of the trial and the data matrix is then expressed as voxel-by-voxel deviation from the grand mean across the entire experiment. This matrix is then analyzed with singular value decomposition to derive the optimal effects in the data. Here, we applied PLS analysis to event-related fMRI data and the results provide a set of brain regions wherein activity is reliably related to the task conditions at 10 post-stimulus time points (i.e., 10 TRs = 25 s) for each LV. Each brain voxel is given a singular value weight, known as a salience (akin to a component loading in principle components analysis), which is proportional to the covariance of activity with the task contrast at each time point on each LV. Multiplying the salience by the BOLD signal value in that voxel and summing the product across all voxels gives a brain score for each participant for each time point on a given LV (like a component score in principal components analysis). These scores can be used to examine differences in brain activity across conditions, as greater activity in brain areas with positive (or negative) weights on a latent variable will yield positive (or negative) mean scores for a given condition over each time point.
The significance of each LV as a whole is determined by permutation testing, using 500 permutations. In a second, independent step, the reliability of the saliences for the brain voxels across subjects, characterizing each pattern identified by a LV, is determined by bootstrap resampling, using 100 iterations, to estimate the standard errors for each voxel. Clusters larger than 100 mm 3 comprising voxels with a ratio of the salience to the bootstrap standard error values (i.e., the "bootstrap ratio"; BSR) greater than 4 (p b .0001) were reported. The local maximum for each cluster was defined as the voxel with a BSR higher than any other voxel in a 2-cm cube centered on that voxel. PLS identifies whole-brain patterns of activity in a single analytic step, thus, no correction for multiple comparisons is required. Although most brain regions showed reliable activations across multiple time points (see temporal brain score plots in Figs. 2C and 3C), results report the BSR for the sixth TR (i.e., 12.5 s after the start screen in the planning conditions and the presentation of the random letter sequences in the count condition) as a representative index of brain activity in time. See Supplemental Movies 1 and 2 for whole-brain results at each TR.
Resting-state functional connectivity MRI
In the rsfcMRI analysis, we replicated the default, dorsal attention and frontoparietal control networks following previously established methods (Vincent et al., 2008) . Two left hemisphere seed ROIs were defined a priori, based on Vincent et al. (2008) and used to produce each of the three networks: For the default network, hippocampal formation (HF; − 22 −22 − 22) and pIPL (− 47 −71 29); for the dorsal attention network, MT+ (−48 −70 0) and SPL (−27 −52 57); and for the frontoparietal control network, RLPFC (−36 57 9) and aIPL (−52 −49 47). For each participant, the mean BOLD signal time course was extracted from each of the six spherical ROIs, centered on the foregoing coordinates, with a radius of 8 mm. The correlation coefficient for each of these time courses with the time course for every voxel in the brain was computed using Pearson's productmoment formula. These values were then converted to z-values using Fisher's r-to-z transformation (Zar, 1996) . Whole-brain voxel-wise z′-maps were then subjected to random-effects analyses to assess statistical significance across participants at the group level using ttests performed in SPM2 (threshold p b .01). We then derived conjunction maps for each network where only those voxels that were significant in both t-maps (one map for each of the 2 ROIs for each network) were retained.
Network ROI analysis
We quantitatively assessed the degree to which the tasks differentially engaged the three networks as defined by the rsfcMRI analysis in three additional analyses. Using each of the three restingstate networks (i.e., default, dorsal attention, frontoparietal control) as a priori ROIs, we extracted the salience and BSR values of each voxel from the PLS results images. Additionally, we extracted the taskrelated percent BOLD signal change within each network, during each task.
Network ROI analysis -salience. We extracted all non-negative salience values that were positively associated with the planning tasks as described above. Planned t-tests were then conducted on the mean salience values for the planning tasks independently within each network.
Network ROI analysis -BSR. To determine the reliability of differential engagement of the three networks by the planning tasks, we calculated the mean BSR values associated with the tasks within each of the three networks. The salience of a single voxel is considered reliable if its BSR value exceeds 1.96, which corresponds to the 95% confidence interval (p b .05; Sampson et al., 1989) . Thus, to adopt a statistically conservative approach, activation of an entire network was considered to be reliable only if the mean BSR value for all voxels within that network was ≥ 1.96 (p b .05).
Network ROI analysis -BOLD. In a univariate ROI analysis, we assessed the mean task-related hemodynamic response within the three network ROIs. For each subject, the mean BOLD signal between 10 and 20 s post trial onset was calculated for both the autobiographical planning and Tower of London task conditions, relative to the counting condition, within each of the three networks. Six single sample t-tests were performed to determine significant differences in percent BOLD signal change from the counting baseline condition. Three additional paired-sample t-tests comparing percent BOLD signal change between autobiographical planning and the Tower of London task conditions were also conducted. Significance levels were adjusted for multiple comparisons using the Bonferroni correction (α= .05). To determine significant increases in percent BOLD signal change from trial onset (i.e. fixation), independent of the counting task, four a priori single sample ttests were also performed. For the autobiographical planning task in the default network, Tower of London performance in the dorsal attention network and both planning tasks in the frontoparietal control network, each subject's peak BOLD signal occurring between 10 and 20 s post trial onset was extracted.
Network coupling
Network coupling -brain scores. In order to directly assess the possibility that the patterns of network co-activation, revealed in the initial PLS analysis, reflect the coupling of activity across networks, we examined the correlation of the PLS temporal brain scores across time between LV1 and LV2 for the planning conditions. We correlated the mean temporal brain scores for the entire group using Pearson's r. Using Fisher's r-to-z transform, we determined the reliability of these correlations within subjects in two single sample t-tests.
Network coupling -BOLD. Next we correlated the change in BOLD activity across time, from 2.5 to 25 s post trial onset, during autobiographical planning and Tower of London trials, relative to counting, for the default and dorsal attention networks with that of the frontoparietal control network in each subject. Using Fisher's r-toz transform, we conducted a 2 × 2 repeated measures ANOVA with network (default vs. dorsal attention) and task (autobiographical planning vs. Tower of London) as within-subjects factors to assess differences in the magnitude of correlation of these networks with the frontoparietal control network across tasks. We predicted a network by task interaction. Simple main effects were adjusted for multiple comparisons using the Bonferroni correction (α = .05). Additionally, the reliability of the correlation magnitude between the frontoparietal control network and the default and dorsal attention networks, during both autobiographical and Tower of London conditions, was assessed in four single sample t-tests. We predicted a robust correlation between the frontoparietal control network and a) the default network during autobiographical planning, and b) the dorsal attention network during Tower of London task performance. Additionally, we also predicted no association between a) the frontoparietal control network and the dorsal attention network during autobiographical planning, and b) the frontoparietal control network and the default network during Tower of London performance.
We also examined the temporal correlations between the networks from fixation baseline, independent of counting, for the default and dorsal attention networks with that of the frontoparietal control network following the same procedure as above. Again, we predicted a network by task interaction, as well as robust correlations between the frontoparietal control network and a) the default network during autobiographical planning, and b) the dorsal attention network during Tower of London task performance. Additionally, we predicted no association between the frontoparietal control network and the default network during Tower of London performance. However, because we did not remove activity associated with the perceptual features of the tasks by examining activity relative to the counting condition, we predicted that the dorsal attention network would also be correlated with the frontoparietal control network during autobiographical planning, due to the need to attend to the visually presented information. However, we expected the magnitude of this correlation to be lower than the correlation between the frontoparietal control and default networks.
Network coupling -task-related functional connectivity. Seed PLS is a multivariate task-related functional connectivity analysis technique used to investigate the relationship between the activity of a seed region and the activity in the rest of the brain (McIntosh, 1999) . Using the mean network ROI BOLD values as seeds, we assessed the taskrelated functional connectivity of the default network and the dorsal attention network with the rest of the brain during the autobiographical planning and the Tower of London tasks, respectively. Individually defined peak network activity values were correlated with activity in all brain voxels, across participants. This matrix was then analyzed with singular value decomposition, assessed for statistical significance by permutation testing, and for reliability by bootstrap resampling, as described above. Using the resting-state networks as ROIs, we extracted the BSR values of each voxel from the seed PLS results images to quantitatively assess the differential taskrelated connectivity of the three networks.
Three criteria were required to conclude that the seed network was functionally coupled with the frontoparietal control network. First, covariance between the mean network seed value and the voxels comprising that seed network had to be reliable (i.e., network wide autocorrelation). Second, a pattern of connectivity of the seed value with the voxels comprising the frontoparietal control network also had to be reliable. Third, the default and dorsal attention networks could not be functionally connected with each other. We hypothesized that during autobiographical planning, mean BSR values from the default network seed PLS analysis would exceed 1.96 (p b .05) in the default and frontoparietal control networks, but not in the dorsal attention network. We further hypothesized that during Tower of London task performance, the mean BSR values from the dorsal attention network seed PLS would exceed 1.96 (p b .05) in the dorsal attention and frontoparietal control networks, but not in the default network.
Task difficulty analysis
In order to rule out the possibility that differences in task difficulty between the planning and counting tasks could account for differential engagement of the frontoparietal control network, we explicitly examined easy versus difficult planning trials. If difficulty could account for the difference in activity, we would expect greater engagement of the frontoparietal control network during difficult versus easy planning trials. In order to assess the role of task difficulty, autobiographical planning task and Tower of London trials were split into easy and difficult bins. Autobiographical planning task trials were sorted according to self-reported difficulty of making the plan while in the scanner by a within-subject median split. Easy versus difficult Tower of London trials were divided into those requiring three or four moves (easy) versus those requiring five, six or seven moves (difficult), respectively. This division of trials was selected based on a clear separation in error rates between the four and five move trials (see Supplementary Fig. 1 ). Additionally, counterintuitive moves, where subjects were required to move the disc away from the final position before returning it, become prevalent in trials requiring five or more moves. Due to potentially confounding effects of differential RTs between easy and hard conditions, the data were analyzed as blocks of variable duration, determined by the button press response. This approach effectively eliminates the potential confound of RT differences. Block PLS analysis of fMRI data provides a set of brain regions wherein mean activity is reliably related to the task conditions for each LV. Similar to spatiotemporal PLS, the salience of each brain voxel is proportional to the covariance of activity with the task on each LV. Multiplying the salience by the BOLD signal value in that voxel and summing the product across all voxels gives a brain score for each participant on a given LV. These scores are then bootstrapped as previously described to examine reliable differences in brain activity across conditions. Two subjects were excluded from this analysis due to a lack of sufficient trials in one or more of the conditions (fewer than six).
Results

Behavioral findings
Behavioral data, collected at the end of each trial as well as in a post-scan interview of autobiographical plans, confirmed participant compliance. Participants produced moderately detailed autobiographical plans in the time provided (mean detail rating = 2.9 (out of 4), SD = .9; mean RT = 14.22 s, SD = 2.1). Nearly all plans had some amount of detail (95%, SD = 7%). In the post-scan interview, we verified that participants had generated autobiographical plans. The median time to completion of goals was estimated to be 1 year with a range of 1 day to 60 years. The goals had been given some prior consideration by the participants (mean novelty = 2.1 (out of 4), SD = 1.0). Goals were evaluated to have been somewhat difficult to plan (scanner difficulty mean = 2.2 (out of 4), SD = 1.0) and fulfill (life difficulty mean = 2.5 (out of 4), SD = 1.0). In the Tower of London condition, participants correctly determined the minimum number of moves to solve the Tower of London task in a majority of the trials in the time provided (total mean accuracy = 63%, SD = 12%; mean RT = 12.71 s, SD = 1.9). Accuracy rates for the Tower of London diminished in a step-wise fashion with each additional move required to reach the solution (F (4,95) = 21.34, p b .001; Supplementary  Fig. 1 ). In the counting condition, participants accurately counted the number of vowels in the random letter sequences in the time provided (mean accuracy = 92%, SD = 10%; mean RT = 12.42 s, SD = 2.0). There was a significant difference in RTs between conditions (F(2,59) = 4.60, p b .05), attributable to the fact that RTs in the autobiographical planning condition were significantly longer than in the counting condition. RTs for the Tower of London condition did not differ from RTs for either autobiographical planning task or counting.
fMRI results
Partial least squares
A significant pattern of activity dissociated the two planning tasks (accounting for 72.7% of the covariance in the data; p = .002). Autobiographical planning task performance was associated with increased BOLD signal in default network regions. Conversely, Tower of London task performance was associated with increased BOLD signal in dorsal attention network regions. Activity associated with counting covaried within the same regions as for the Tower of London task, although significantly less so (See Fig. 2 , Tables 1 and 2) .
A second significant pattern of activity, orthogonal to the first, dissociated the counting task from both planning tasks, for which activity covaried together (accounting for the remaining 27.3% of the covariance in the data; p = .004). The pattern of activity common to both planning tasks was consistent with the frontoparietal control network (Fig. 3, Table 3 ; for brain activity associated with counting see Supplemental Fig. 2 and Supplemental Table 1 ).
Resting-state functional connectivity MRI
A rsfcMRI analysis was conducted to confirm that, as identified by PLS, the planning tasks had indeed activated the three networks of interest previously identified by others (Vincent et al., 2008) . We replicated the default, dorsal attention and frontoparietal control networks using the same seed regions (Fig. 4) and following the same methods as Vincent et al. (2008) . The default network comprised MPFC, PCC, and bilateral medial temporal lobes, including hippocampus, lateral temporal lobe, inferior frontal gyrus (IFG) and pIPL. The dorsal attention network comprised right DLPFC, right supplementary motor area (SMA), and bilateral FEF, SPL, MT+, and insula. The frontoparietal control network comprised the PCu, dACC, and bilateral aIPL, RLPFC, DLPFC, and aIfO (Fig. 4) .
These results confirm that the spatially distributed patterns of activation from the PLS analysis were markedly similar to the rsfcMRI analysis results (see PLS/rsfcMRI convergence images in Supplementary Fig. 3) . Fig. 5 depicts the similarity of left lateral parietal lobe activity between autobiographical planning task performance, Tower of London task performance, and a conjunction of these two planning tasks with the default, dorsal attention, and frontoparietal control resting-state networks, respectively. Regions associated with the frontoparietal control network are interposed between regions associated with the default and dorsal attention networks in both sets of analyses. Overall, the spatially distributed patterns of the three networks are anatomically distinct. Modest overlap is observed between the frontoparietal control network and both the default and dorsal attention networks -to a greater extent in the task-related activation patterns. However, there is no overlap between the default and dorsal attention networks, consistent with prior observations (Fox et al., 2005) .
There are, however, notable differences between the spatial extent of activation and the networks identified by rsfcMRI. There is greater lateral temporal and medial activity for autobiographical planning than the rsfcMRI map targeting the default mode network. Likewise, there are larger dorsolateral prefrontal clusters of activity during performance on the Tower of London task than identified in the dorsal attention network map. The pattern of activity for both planning tasks extended into visual cortex, outside of the frontoparietal control network identified by the rsfcMRI analysis. These differences may be the result of differing thresholds across independent analytic methods and/or reflect task specific recruitment of cortex outside of resting-state associations. In order to quantify the extent and degree of correspondence between the PLS results and rsfcMRI network, we conducted a series of network ROI analyses.
Network ROI analysis
Beyond the foregoing qualitative assessment of similarities and differences, we quantified the extent of spatial overlap between the task-based activity and rsfcMRI results by using the three resting-state networks as independently defined a priori ROIs. To further clarify the PLS results, we extracted salience values and BSR from each voxel from the PLS results images.
Network ROI analysis -salience. Mean salience values for all PLS images differed within each of the networks (all p's b .001) in the predicted direction: Mean salience values associated with the planning tasks were significantly highest in 1) the default network for autobiographical planning task performance; 2) the dorsal attention network for Tower of London task performance; and 3) the frontoparietal control network for activity common to performing both planning tasks (Fig. 4 : Task Salience).
Network ROI analysis -BSR. Next, we determined the reliability of engagement of each network by calculating the mean BSR. A reliable contribution for a voxel is defined as a BSR of 1.96, which corresponds to the 95% confidence interval (p b .05; Sampson et al., 1989) . Critically, we found that the mean BSR exceeded this threshold in: 1) the default network only during autobiographical planning task performance (BSR = 4.54, SD = 2.4, p b .001), 2) the dorsal attention network only during Tower of London task performance (BSR = 3.99, SD = 2.9, p b .001), and 3) the frontoparietal control network only for activity common to performing both planning tasks (BSR = 3.00, SD = 1.9, p b .005). Unique activation associated with the autobiographical planning task did not reliably engage the dorsal attention network (BSR = .08, SD = .4, p = .94) or the frontoparietal control network (BSR = 1.04, SD = 1.7, p = .30). Unique activation associated with performing the Tower of London task did not reliably engage the default network (BSR = .01, SD = .1, p = .99) or the frontoparietal control network (BSR = 1.54, SD = 2.1, p = .12). Only the covariance that was common to both planning tasks reliably engaged the frontoparietal control network as defined by the rsfcMRI analysis.
Network ROI analysis -BOLD. We determined the mean magnitude of the task-related hemodynamic response within each of the network ROIs. This complementary univariate analysis of percent BOLD signal change within each resting-state network was entirely consistent with the multivariate findings (Fig. 6) . In all three networks, there were significant differences (Bonferroni corrected α = .05) in percent signal change relative to counting in the predicted direction. Within the default network, there was an increase in BOLD signal for autobiographical planning task performance (t(19) = 6.49) and a decrease for Tower of London task performance (t(19) = −3.57). Within the dorsal attention network, there was a decrease in BOLD signal for autobiographical planning task performance (t(19) = −15.14) and an increase for Tower of London task performance (t (19) = 7.36). Within the frontoparietal control network, there was an increase in BOLD signal for both autobiographical planning (t(19) = 4.75) and Tower of London (t(19) = 5.32) task performance. Differences were also observed in a direct comparison between the autobiographical planning task and the Tower of London task in percent BOLD signal change in the default (t(19) = 10.77) and dorsal attention (t(19) = − 17.81) networks. No differences were observed in percent BOLD signal change in the frontoparietal control network between planning tasks, even at a more liberal significance threshold (t(19) = −1.65; uncorrected p N .10). See Fig. 6 . In order to ensure that the comparison counting condition did not bias the results, we also conducted four a priori t-tests that examined peak activity relative to trial onset. Within the default network, BOLD signal significantly increased above trial onset for autobiographical planning task (t(19) = 7.80, p b .001). Performance on the Tower of London task showed a significant increase in BOLD signal within the dorsal attention network (t(19) = 14.16, p b .001). There were also significant increases in BOLD signal within the frontoparietal control network for both autobiographical planning task (t(19) = 2.15, p b .05), and Tower of London task (t(19) = 4.54, p b .001) performance.
Network coupling
Network coupling -brain scores. The rise and fall of activity in the default and dorsal attention networks for LV1 and the frontoparietal control network for LV2, depicted in the temporal brain scores (Figs. 2C, 3C ), were suggestive of network coupling during the planning tasks. The mean brain scores during the autobiographical planning task for LV 1 and LV2 were correlated over the 25-second trial (r = .94, p b .001). A similar pattern was observed for the Tower of London task (r = .91, p b .001). Within-subject correlations were reliably greater than zero during the autobiographical planning task between the pattern of activity in LV1 (default network) and LV2 (frontoparietal control network) (mean z′ = .74, SD = .58; t(19) = 5.7, p b .001). Within-subject correlations were also reliably greater than zero during the Tower of London task between the pattern of activity in LV1 (dorsal attention network) and LV2 (frontoparietal control network) (mean z′ = 1.01, SD = .74; t(19) = 6.2, p b .001).
Network coupling -BOLD. Next, we assessed the magnitude of BOLD signal correlations with the frontoparietal control network between the autobiographical planning and Tower of London tasks within the default and dorsal attention networks. There was a significant task by network interaction, F(1,19) = 42.49 (p b .001), see Fig. 7 . Correlations of frontoparietal control network activity were significantly greater with default network activity than dorsal attention network activity during autobiographical planning. Conversely, correlations of frontoparietal control network activity were significantly greater with dorsal attention network activity than default network activity during performance on the Tower of London task. The magnitude of correlations between the frontoparietal control network and the default mode network were significantly greater than zero for autobiographical planning (mean z′ = 1.10, SD = .58; t(19) = 8.4, p b .001), but not during performance on the Tower of London task (mean z′ = .06, SD = .69; t(19) = .4, p N .65). Additionally, the magnitude of correlations between the frontoparietal control network and the dorsal attention network were significantly greater than zero for the Tower of London task (mean z′ = .91, SD = .51; t(19) = 8.0, p b .001), but not during performance on the autobiographical planning task (mean z′ = −.23, SD = .80; t(19) = −1.3, p N .20). See Fig. 7 .
When we assessed the magnitude of BOLD signal correlations with the frontoparietal control network relative to trial onset (i.e., as opposed to calculations relative to the control task), a slightly different pattern emerged. There was still a significant task by network interaction, F(1,19) = 6.25 (p b .05), see Supplemental Figure 4 . Critically, we observed a difference in frontoparietal control network correlations with the default mode network according to task. Correlations of frontoparietal control network activity were significantly greater with the default network during autobiographical planning than during the Tower of London task. The magnitude of correlations between the frontoparietal control network and the default mode network were significantly greater than zero for autobiographical planning (mean z′ = .83, SD = .36; t(19) = 10.2, p b .001), but not during performance on the Tower of London task (mean z′ = −.34, SD = .83; t(19) = −1.8, p N .05). Relative to trial onset, no differences in the correlations between the frontoparietal control network and the dorsal attention network were observed across the planning tasks, as expected, likely due to the need to attend to the visually presented information common to both planning task conditions. However, there was also no difference in the correlation magnitude during the autobiographical planning task with the frontoparietal control network between the default and dorsal attention networks, although the default network correlation strength was numerically greater, as predicted. The magnitude of correlations between the frontoparietal control network and the dorsal attention network were significantly greater than zero for Tower of London task (mean z′ = .71, SD = .85; t(19) = 3.7, p b .001), and the autobiographical planning task (mean z′ = .76, SD = .64; t(19) = 5.3, p b .001).
Network coupling -task-related functional connectivity. The seed PLS analysis revealed a significant pattern of task-related functional connectivity (p = .002) that was reliable for the default network ROI BOLD signal value during the autobiographical planning task. A distributed pattern of brain activity was significantly correlated with the default network seed, r = .90. This distributed pattern of activity Abbreviations can be found in the Table 1 note. ) within each ROI from the first latent variable for the autobiographical and visuospatial planning tasks, and from the second latent variable for the conjunction of both planning tasks relative to counting. Task salience values quantitatively demonstrate that (A) the default network was primarily engaged by autobiographical planning, (B) the dorsal attention network was primarily engaged by visuospatial planning and, (C) the frontoparietal control network was primarily engaged by activity underlying both planning tasks. HF = Hippocampal formation; AB Plan = autobiographical planning; VS Plan = visuospatial planning; AB and VS Plan = activity common to both planning tasks.
included the default network (BSR = 3.32, SD = 2.3, p b .001) and the frontoparietal control network (BSR = 2.44, SD = 1.9, p b .05). The dorsal attention network was not reliably associated with this pattern (BSR = 1.48, SD = 1.4, p N .10). The second seed PLS analysis also revealed a significant pattern of functional connectivity (p = .002) that was reliable for the dorsal attention network ROI BOLD signal value during the Tower of London task. A distributed pattern of brain activity was significantly correlated with the dorsal attention network seed, r = .89. This distributed pattern included the dorsal attention network (BSR = 2.28, SD = 2.1, p b .05) and frontoparietal control network (BSR = 2.23, SD = 2.0, p b .05). The default network was not reliably associated with this pattern (BSR = 1.12, SD = 1.4, p N .25). See Fig. 8 and supplemental Figure 5 .
These three analyses suggest that the frontoparietal control network couples its activity with either the default or dorsal attention network, during the autobiographical planning task or Tower of London task, respectively. The brain scores from LV 1 and LV2, depicting the rise and fall of activity in the initial PLS results, were Overlap of all three networks for task-related activity and resting-state networks. Yellow represents overlap. The cluster ventral to the aIPL in the posterior middle temporal gyrus is suggestive of a concentric ring fitting within the posterior arc of the dorsal attention network. The pIPL region associated with the default network fills this ring. The rsfcMRI results do not mirror this concentric ring pattern, suggesting that it may be task specific. See also Supplemental Fig. 3 for whole-brain convergence images of task activity and resting-state network maps. correlated across the trial. Additionally, a network wide BOLD correlation analysis showed that the frontoparietal control network coupled its activity with the default network during autobiographical planning; Conversely, the frontoparietal control network coupled its activity with the dorsal attention network during visuospatial planning. This pattern was replicated in a voxel-wise multivariate task-related functional connectivity analysis using seed PLS.
Task difficulty results
The block PLS analysis used to assess potential effects of task difficulty essentially replicated the results of the spatiotemporal PLS analysis, revealing two significant patterns of activity, and critically, revealed no differences due to task difficulty. The first LV maximally dissociated both easy and difficult autobiographical planning task conditions from both easy and difficult Tower of London task conditions (accounting for 77.89% of the covariance in the data, p = .002). The second pattern of activity dissociated all planning conditions from counting (accounting for 14.96% of the covariance in the data, p = .002). Critically, there were no reliable differences in the brain scores between the easy and difficult autobiographical planning task and Tower of London task conditions relative to counting, thus ruling out any significant effect of task difficulty on the patterns of brain activation.
Discussion
We tested the hypothesis that the frontoparietal control network would be flexibly engaged with either the default or dorsal attention network in support of goal-directed cognition. In a data-driven multivariate PLS analysis, we found that autobiographical planning, like imagining personal future events, engages the default network. Consistent with previous observations, we also observed activity in the dorsal attention network while subjects engaged in visuospatial planning (Baker et al., 1996; Morris et al., 1993; Newman et al., 2003) . Critically, both planning tasks engaged the frontoparietal control network. Task-related functional connectivity analyses indicated that the frontoparietal control network coupled its activity with the default network during autobiographical planning; furthermore, the frontoparietal control network coupled its activity with the dorsal attention network during visuospatial planning. These findings demonstrate that the frontoparietal control network can flexibly couple activity with the default or dorsal attention networks in support of goal-directed cognition.
The data-driven PLS results showed a pattern of task-related activity that was strikingly similar to previously observed intrinsic resting-state networks (Fox et al., 2005; Vincent et al., 2008; Fig. 5 and Supplemental Fig. 3 ). This similarity is all the more remarkable when considering that the same networks were identified in independent experimental runs, and using different analytic techniques to detect patterns of covarying BOLD signal at different frequency ranges. In the rsfcMRI analysis, we replicated the default, dorsal attention and frontoparietal control networks (Vincent et al., 2008) . We used these resting-state networks as a priori ROIs to further interrogate the PLS results and quantify the degree and specificity of the task-related activation of these networks. We also performed complementary univariate ROI analyses to the same end. The PLS results showed that autobiographical planning significantly and reliably engaged both the default and frontoparietal control networks; additionally, visuospatial planning significantly and reliably engaged the dorsal attention and frontoparietal control networks (Fig. 4) . Univariate analyses provided converging evidence for these observations, and were consistent whether we compared changes in BOLD signal relative to the counting condition or relative to trial onset (fixation): Percent BOLD signal significantly increased within the default and frontoparietal control networks for autobiographical planning, and within the dorsal attention network and frontoparietal control network for visuospatial planning (Fig. 6) . Together, these findings confirm that goal-directed planning engages the frontoparietal control network, and is co-active with the default network or dorsal attention network, depending on task domain.
Results from the task-related functional connectivity analysis support the interpretation that the frontoparietal control network is not only co-active with the default or dorsal attention network, but couples its activity with each of these networks, depending on task domain. The temporal brain scores (i.e. composite measures of the neural activity at each timepoint) from the initial PLS analysis showed a high degree of correspondence in activity. Likewise, the BOLD activity extracted from the default and dorsal attention networks demonstrated a consistent temporal correlation pattern with frontoparietal control network activity during the autobiographical planning and Tower of London tasks, respectively. Both analyses demonstrated that neural activity within the default and frontoparietal control networks was coupled for autobiographical planning. Also, neural activity within the dorsal attention and frontoparietal control networks was coupled for visuospatial planning. This temporal correspondence is inconsistent with the alternative view that the default or dorsal attention networks and the frontoparietal control network act independently or sequentially without actually working directly together with the frontoparietal control network. If the networks were to independently modulate activity out of phase with one another over the course of individual trials, then this shifting would have to occur at a rate exceeding the fMRI sampling rate of 2500 ms. While less parsimonious than the conclusion that network activity is coupled, the latter would be suggestive of network cooperation.
In a task-related functional connectivity analysis using seed PLS, we demonstrated a voxel-wise pattern of connectivity that is consistent with, and complementary to, the global measures discussed above. During autobiographical planning, we showed significant and reliable covarying patterns of activity within the default network (including the MPFC, PCC, lateral and medial temporal lobes, including the hippocampus, and the pIPL) with the frontoparietal control network (including the RLPFC, MFG, dACC, PCu, and the aIPL). During visuospatial planning, we showed significant and reliable covarying patterns of activity within the dorsal attention network (including the DLPFC, FEF, iPCS, MT+, and SPL) with the frontoparietal control network (including the RLPFC, MFG, dACC, PCu, and the aIPL). The extent of network connectivity, in its entirety, was quantitatively assessed and confirmed in an independent ROI analysis using the rsfcMRI maps (See Fig. 8 and supplementary Figure 5 ). Evidence of this network coupling was observed independent of the counting condition. Together, these data confirm that default and frontoparietal control regions of the brain can interact as a functional network. This observation is consistent with the behavior of dorsal attention and frontoparietal control regions interacting as a functional network, as observed here and elsewhere (e.g. Grady et al., 2010) . The novel observation here, however, is that the frontoparietal control network may functionally couple with either the default or dorsal attention network, not just the dorsal attention network, in support of goal-directed cognition. A future challenge will be to examine nodeto-node functional interactivity, within and across networks, modulated by task demands.
Additional analyses reduced the likelihood that task difficulty and RT differences could account for our findings. We addressed a potential confound of task difficulty by dividing the task data into easy and difficult trials and comparing task-related activity under easy and difficult conditions. If increased engagement of the frontoparietal control network during planning were due to increased difficulty during the planning tasks, relative to counting, we would expect increased activity within the frontoparietal control network for difficult versus easy autobiographical and visuospatial planning conditions. This effect was not observed, suggesting that frontoparietal control network activity was not modulated merely by task difficulty. Our categorization of autobiographical planning task difficulty was, however, based upon a post-scan self-report measure. Future work will be required to independently modulate and assess the effects of autobiographical planning difficulty.
Two additional analyses reduced the possibility that RT differences between autobiographical planning and counting could account for the pattern of network activity observed. First, significant engagement of the default and frontoparietal control networks by autobiographical planning was also observed relative to trial onset, independent of the counting control condition. Second, the block PLS analysis used to assess differences in difficulty between the planning conditions only included time points preceding the manual response, thereby eliminating potentially confounding RT differences. In addition to replicating the results using this method, we ruled out a differential RT explanation of differences in network activity between the conditions. The neurocognitive function of the default network is not well characterized; yet the network is reliably engaged during spontaneous internal mentation , including selfreferential (D'Argembeau et al., 2005; , and autobiographical thoughts about the past and the future (AndrewsHanna et al., 2010; Spreng and Grady, 2010; Spreng et al., 2009) . Task-related fMRI data suggest that the medial temporal lobes support recombination of elements of past experience into a simulation of a specific future event (Addis et al., 2009 . Midline structures including MPFC and PCC that show increased activity during episodic simulation of future events have been linked specifically with both personal goal processing and selfreferential thinking (D'Argembeau et al., 2010 (D'Argembeau et al., , 2009 ). The MPFC may be particularly sensitive to processing of self-promotion goals, which emphasize hopes, accomplishments, and advancement (Higgins, 1997; Johnson et al., 2006; Packer and Cunningham, 2009) . A remaining question is how future-oriented mentation, supported by these components of the default network are integrated into goaldirected autobiographical plans in order to serve the adaptive function of guiding complex everyday behavior. Our findings suggest that co-activation of the default network with the frontoparietal control network occurs when individuals formulate autobiographical plans aimed at fulfilling an imagined goal state. The co-activation of the default network with the frontoparietal control network, however, is unlikely to be specific to autobiographical planning. Previous neuroimaging investigations of tasks that engage the default network (e.g. Spreng et al., 2009 ) have placed low demands on control processes and are thus unlikely to robustly engage the frontoparietal control network. Conversely, introspective processes that require simultaneous goal-directed control of information will likely engage aspects of both the default and frontoparietal control networks, consistent with the current findings.
The Tower of London task predominantly engaged the dorsal attention network, in addition to the frontoparietal control network. Using PLS, we dissociated patterns of activity associated with this task between these two networks, which might support different aspects of task performance. Visuospatial planning places high demands on visuospatial attention, hence the observed robust activation of the dorsal attention network associated with externally driven attention. Visuospatial planning also taxes working memory and control processes that engage anterior prefrontal regions, including the RLPFC (Baker et al., 1996; Wagner et al., 2006) . The Tower of London task was developed to assess goal-directed non-routine behavior that is not driven by immediate environmental stimuli (Shallice, 1982) . This aspect of the task may be common with autobiographical planning, as reflected by co-activation of the frontoparietal control network. Although we aimed to make the planning tasks as similar as possible with respect to perceptual characteristics and general task structure, further research will be needed to tease apart specific task components that differ between visuospatial and autobiographical planning, using a broader range of task manipulations.
By demonstrating that the frontoparietal control network is engaged during both autobiographical and visuospatial planning, this study provides new insight into its role in cognitive control and its access to domain specific information. The distributed frontoparietal control network is anatomically interposed between the default and dorsal attention networks. Vincent et al. (2008) hypothesized that this network could serve to integrate information between the independent default and dorsal attention networks. In the present study, we compared tasks that are known to engage anticorrelated brain networks, but that both involved the goal-directed integration of information over time. This comparison provided a dynamic range of BOLD signal to detect dissociable and converging patterns of distributed activity. By demonstrating that the frontoparietal control network is actively engaged by two tasks that differentially rely upon either the default or dorsal attention network, we have provided evidence that the frontoparietal control network may flexibly gain access to information processed in either domain.
Recent work has clarified the role of various components of the frontoparietal control network in cognitive performance, including the role of RLPFC in cognitive control (Koechlin et al., 1999) , the hierarchical organization of control processes in lateral prefrontal cortex (Badre and D'Esposito, 2007) , the aIPL in the control of attention and memory (Cabeza et al., 2008) and the anterior insula in salience processing and shifting between the default and dorsal attention networks (Menon and Uddin, 2010) . Comparing tasks that vary in only a single feature, as in the foregoing studies, provides a means to identify subtle changes in brain activity attributable to that feature. This approach has been productive in determining precise functional roles of nodes within a broader network.
Complementing these previous findings, we demonstrate here that lateral prefrontal and parietal regions do not work in isolation to support control processes, but rather, function as an integrated network of regions in support of controlled cognitive performance. Diffusion tensor imaging provides anatomical evidence that the RLPFC and aIPL are structurally interconnected via the superior parietal fasciculus (van den Heuvel et al., 2009) . Neurophysiological techniques such as rsfcMRI suggest an even broader frontoparietal control network comprising multiple nodes associated with RLPFC and aIPL, including aIfO, dACC and PCu (Albert et al., 2009; Damoiseaux et al., 2006; Dosenbach et al., 2007; Fox et al., 2006; Smith et al., 2009; Vincent et al., 2008) . The current study functionally identified this extended frontoparietal control network based on task-related activation during performance on two distinct planning tasks. The results provide novel evidence to support the hypothesis that the interposed nodes of the frontoparietal control network act as regional convergence zones that functionally interact with both default and dorsal attention regions during cognitive tasks. Further work is needed to delineate how the frontoparietal control network acts as a cortical mediator for crosstalk between internalized cognition and external attention in support of goal-directed cognition.
